regional left ventricular function. 
pericardial fluid, pericardial thickening, and a probable intrapericardial thrombus recognized during echocardiographic studies in 10 patients with suspected or proved pericardial effusions.
Methods

Patients
Ten patients studied over 30 months in the Stanford Medical Center Echocardiographic Laboratory for suspected pericardial effusions had echo-producing intrapericardial structures on the original examination (not seen in other patients with pericardial effusions). The 10 patients ranged in age from 17-56 years. Pericardial effusion was suspected on the basis of their clinical situation and chest x-ray. The 10 patients reported presented within three general clinical settings (table 1) .
Four patients had oncologic processes and had received anterior mediastinal radiation, in excess of 5000 rads, from 1-2 years before the echocardiographic evaluation. Two patients had oat cell carcinoma and two patients had Hodgkin's lymphoma. All four patients had attempted pericardiocentesis for suspected cardiac tamponade before their twodimensional echocardiographic examinations. In three CIRCULATION of the four patients the pericardiocentesis yielded a small amount of fluid, with minimal symptomatic relief. All three were sent to the echocardiographic laboratory for two-dimensional echocardiographic assessment of suspected loculated effusion after their pericardiocenteses. The fourth patient had multiple pericardiocenteses with recurrent accumulation of pericardial fluid. A second group of four patients had advanced diabetic renal disease with renal failure. Only one of these four patients had previous pericardiocentesis, but all patients were known to have had repeated bouts of pericarditis or pericardial effusion or both. The remaining two patients had acute processes: One had documented pneumococcal pericarditis and the other had a stab wound involving the left pleural and pericardial space. The patient with pneumococcal pericarditis had had pericardiocentesis for diagnosis and relief of symptoms, with a scant yield of fluid. The patient with chest trauma responded to insertion of a chest tube and did not require pericardiocentesis.
Study Procedure
Two-dimensional echocardiographic studies were obtained with a prototype or production model phased-array sector scanner (Varian V-3000)3 or a mechanical sector scanner (Smith Kline Instruments EkoSector I). The examination procedure was similar to that described by Kisslo et al. 4 The transducer was initially placed in the parasternal position and the image plane oriented so that the viewed plane was approximately parallel with the long axis of the left ventricle. By rotating the transducer 90°clockwise, shortaxis images of the heart and pericardial space were obtained sequentially from base to apex of the heart. right; L = left; NA = not available; VP = visceral Next, the transducer was placed over the cardiac apex with the patient in a steep left lateral decubitus position. The plane of the beam was initially oriented perpendicular to the interventricular septum so all four chambers of the heart were imaged simultaneously.5 Then, the transducer beam was angled toward the patient's left hip until the apical portion of the pericardial space was imaged. By rotating the transducer 900 counterclockwise and parallel to the interventricular septum, the echocardiographic beam could be angled medially to visualize the posteromedial and anteromedial recesses of the pericardial space, and laterally to visualize the posterolateral and anterolateral recesses of the pericardial space. Finally, with the patient supine, the transducer was placed in a subxiphoid or right subcostal position for special attention to the pericardial space anterior to the right ventricular free wall.6 All patients were studied with the head elevated 30-90°from the horizontal plane. Specific attention was paid to the anatomy of the pericardial space, the distribution of the pericardial effusion around the heart, and the presence or absence of echo-producing structures within the pericardial space.
Results
Pericardial effusion was identified as a relatively echo-free space outside the myocardium in all 10 patients with the two-dimensional echocardiographic studies.2 The parietal pericardium was defined as an intense echo that remained after altering the transmitted ultrasonic energy level, as in the M-mode technique.' Pericardial fluid volume was estimated as moderate (100-500 ml) to large (> 500 ml) in all 10 patients. The four patients who had undergone anterior mediastinal radiation exhibited dense linear echoes traversing the pericardial space. These structures appeared connected to both the visceral and parietal pericardium and divided the pericardial space into compartments ( fig. 1) . One of these patients had a set of echoes in the most apical portion of the pericardial space. This structure had an undulating motion synchronous with the cardiac cycle and was not adherent to the visceral pericardium ( fig. 2 ). This type of motion of the pericardial bands was commonly seen. Repeat recording in these four patients performed 2 or more minutes after the patients had assumed a sitting position showed no noticeable alteration in the distribution of the pericardial fluid compared with the supine position. The lack of fluid redistribution and pericardial segmentation by these bands of echoes suggested loculated effusion in these four patients. All four of these patients had bilateral pleural effusions as well.
The four patients with chronic renal failure also exhibited moderate-to-large pericardial effusions, as well as dense echoes bridging the pericardial space. There was no alteration in the apparent distribution of the pericardial effusion in these four patients when they were moved from a supine to a sitting position. Rightsided pleural effusion was present in only one of these patients.
The patient with the pneumococcal pericarditis had not only linear structures bridging the visceral and parietal pericardium, but also an apparent marked thickening of the visceral pericardium over the ventricular apex with multiple "shaggy" trailing edges ( fig. 3) . On the basis of the clinical setting and the twodimensional echocardiographic evaluation, the patient underwent surgical pericardiectomy. At surgery, a friable, granular, fibrinous exudate was found on the visceral pericardium. Additionally, the parietal pericardium was 2-8 mm thick and multiple fibrinous bands extended into the pericardial space. The remaining patient had undergone a stab wound to the left lower thorax. Before a chest tube was inserted for pleural drainage, the patient had a moderate pericardial effusion and a homogeneous echo-producing structure in the diaphragmatic aspect of the pericardial space by two-dimensional echocardiography (fig.  4) . Because of the patient's stable clinical status, pericardiocentesis was not performed. Subsequent imaging over 3 days showed no alteration in either the size of the pericardial effusion or in the intrapericardial echo. The latter was thought to represent an intrapericardial thrombus. Discussion M-mode echocardiography is unquestionably a useful technique for detecting pericardial effusions, but wide-angle, two-dimensional echocardiography PERICARDIAL FINDINGS BY 2D ECHO/Martin et al. allows better recognition of the distribution of fluid and other structures within the pericardial sac. We do not attempt to compare M-mode and two-dimensional echocardiography in this paper, as two-dimensional methods were preferentially used in these patients due to their clinical situations. Pericardial thickening and dense intrapericardial echoes are recognizable on Mmode records taken from the base of the heart in the standard way. 7 However, it is difficult to distinguish fluid loculation or intrapericardial bands with confidence on M-mode tracings. Recognition of intrapericardial bands may be important clinically in patients with a history of chronic or recurrent pericarditis in whom pericardiocentesis is a mainstay of management. Two-dimensional echocardiography may detect pericardial loculation before pericardiocentesis in this group of patients. In the presence of multiple intrapericardial bands, absence of positional fluid shifts may suggest fluid loculation.2 Placing the ultrasound transducer in the parasternal, subxiphoid and apical positions provides optimal assessment of possible compartmentalization of the pericardial fluid and may also aid in planning needle placement for pericardiocentesis to achieve maximum fluid yield. Patients suspected of having large pericardial effusions in whom initial pericardiocentesis yields little fluid may benefit from two-dimensional echocardiographic identification of pericardial loculation due to multiple bridging bands.
The majority of patients described in this report had either oncologic disease that required anterior mediastinal radiation, or renal failure, with multiple episodes suggesting pericarditis or pericardial effusion. This implies that chronic and recurrent pericardial processes are most likely to develop adhesive or fibrinous pericardial bands. We are interested in the high prevalence of pericardial constriction and tamponade in these patients (table 1) , because this may be important for prospective recognition of these hemodynamic states, and adds to the increasing appreciation of an effusive-constrictive form of pericardial disease.8 The combination of thickened pericardial membranes and enclosed fluid around the heart noted by Hancock8 is marked in this group of patients diagnosed by echocardiography. Pericardial effusions are often seen in patients with heart failure due to valvular heart disease or coronary artery disease, but we have not seen pericardial bands as described here in such patients. Two-dimensional echocardiography may be useful in evaluating patients with pericardial trauma in whom hemopericardium is suspected and in assessing possible complications of cardiac catheterizations, suspected coronary artery injury during pericardiocentesis and in patients seen after chest trauma.
A potential problem of interpretation should be mentioned. Pleural effusion was common in our patients (table 1) . Patients with both pericardial and left pleural effusion may present an echocardiographic picture in which the parietal pericardium appears to be a band-like membrane spanning the fluid ( fig. 1) . This may be distinguished from intrapericardial bands if the parietal pericardium is thin and fixed, because most of the pericardial bands in our patients had an undulating motion during the cardiac cycle.
Awareness of the pericardial abnormalities described here may allow correlation with specific pathologic findings by investigators in the future.9 For the present, these findings may improve understanding and management of patients with chronic recurrent pericardial disease. onary artery disease, but also its functional significance and risk for the patient. The predictive value of ST-segment changes and its dependency on the type and degree of ST-segment abnormality have been reported." 2 In addition to ST depression, the presence of exercise-induced ventricular arrhythmias3 4 a change in the amplitude of the R wave5 and a fall in blood pressure below resting levels" appear to be reliable predictors of severe coronary disease.
The significance of decreasing systolic blood pressure during exercise has been the subject of three recent reports. Thomson and Kelemen6 and more recently, Morris and co-workers7 have suggested that exercise-induced hypotension is highly specific for multiple-vessel coronary disease. However, Levites et
